Abstract-Oscillators with the primary tone synchronization and based on the frequency-divider mode have been considered in this study. The paper proposes a generalized model of injection-locked oscillator using the linear polynomial approximation of nonlinear characteristic of its amplifying element, and a new analysis technique based on peculiarities of the oscillator operation in injection-locked mode. These peculiarities imply that the oscillation amplitude can be considered as steady-state at an arbitrary instantaneous value of phase shift and that the curvature of phase characteristic of the oscillator decreases with the rise of synchronization signal amplitude within certain limits. The development of the new technique involved the use of the linear approximation method of reduced equations of injection-locked oscillator and the small parameter method. The new technique is insensitive to the form of nonlinear terms, and it allows us to obtain analytical solutions of reduced equations having different nonlinear terms that depend on the oscillator operation mode. This technique features small errors and essentially simplifies the investigation of injection-locked oscillators and their systems. The experimental test confirmed its high efficiency.
INTRODUCTION
Injection-locked oscillators and their systems perform various functions and are widely used in practice. Many researchers consider the classic single-loop LC oscillators as nodes of networks representing models of objects in the form of graph in the process of studying biological systems or neural networks and also in developing the devices for image and speech recognition. In this connection, investigations of various systems of self-excited oscillators were performed under different conditions [1] [2] [3] [4] .
The coupled systems of oscillators are also used for the formation of directional pattern of microwave antennas in digital communication systems [5, 6] . The coupled Gunn diode oscillators are applied in communication systems as low-noise coherent radio receiving devices of active transmitting antennas, etc. [7] [8] [9] [10] [11] . Autodynes are also widely used in radar, radio fuzes, instrumentation, security devices [12] .
Injection-locked oscillators operating in the frequency-divider mode are common in frequency synthesizers of communication systems. The widespread differential oscillator is characterized by a specific schematic circuit, however, in fact, it represents two coupled identical single-loop LC oscillators [13] . Thus, the nonlinear analysis of injection-locked differential oscillator is reduced to the analysis of single-loop LC oscillator [14] .
In spite of the difference of schematic circuits, the above-mentioned oscillators are described by the Van der Pol equation, and they inherited all the problems intrinsic to the process of investigation of single-loop LC oscillator.
As is known, the averaging method is preferential in investigating such systems, however it leads to nonlinear differential reduced equations that do not have a sufficiently accurate analytical method of solution, though attempts of developing such method were repeatedly undertaken. This resulted in the use of numerical methods and emergence of other simple and non-rigorous methods intended for obtaining the accessible to them characteristics that not always satisfy the practical requirements. In a number of cases, this situation stipulated the transition to oversimplified mathematical models [15] and the skip of a series of important aspects of oscillator operation [13] . Radioelektronika, 2019, Vol. 62, No. 6, pp. 335-348. 
